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INT&ODUCTIOQ

\;/As part of its program to insure uninterrupted supplies of diesel marine
fuzl, The Navy Alternate Fuels Program evaluates the periormance characteris-
tics as well as the chemical and physical characteristics of synfuels. Incum-
bent in this series of evaluations is the need for qualitative and quantitative
compositional data for both liquid conventional and synthetic DFM's and their
more vclatile or headspace components. \ These data can permit a theoretical
assessment of the potential toxicologicil, environmental, and hygiene impact
that various synfuels may have on Navy personnel and their surroundings. For
example, analysis of the fuel headspac¢ at various practical temperatures cza
be used to predict workplace concentrdtions for individual fuel components,
both benign and potentially toxic. ,imple modifications of the methods em-
ployed in this work can permit dirgft comparisons of several conventional and
synfuels for their headspace volatdles.

This report summarizes resylts for a shale derived DFM (Sohio). More

detailed experimental descriptions and data compilations are pr.sented in the

companion reports.

OBJECTIVES ~
The objectives of this work were several. (1) Determine the qualitative

and quantitative composition of the headspace volatiles at various temperatures
for this shale derived DFM. (2) Relate these data to the bulk liquid fuel
composition. (3) Evaluate the bulk liquid and headspace components for poten-
tial toxicological problems as related to exposure of Navy persomnel. (4) Ex-
tract from methodology used and developed in this program, a reliable, inexpen-
sive, and representative acceptance protocol with which to evaluate individual
lots of conventional DFM and synfuel DFM for volatiles. 7

METHODS —"

Because of the very complex nature of the samples, compound separation was
effected by fused silica capillary column gas chromatography. Detection of in-
dividual components was accomplished with a flame ionization detector or a mass
spectrometer. The performance characteristics of this instrumentation permit
detection limits of 100 ppb and lower for individual ~omponents in the headspace
and bulk fuel samples. A complete discussion of the experimental methods is

found in the companion reports.
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RESULTS AND DISCUSSION

The accompanying tables summarize the results for the identification and
quantification of headspace volatiles for the shale derived DFM (Sohio W375).
Summation of the values ggglf?fligggvidual components yields total hydrocarbon
values of approximately 987 ppmw (3447 mg/M3 as hexane) for 90° F experiments

and 2262 ppm (7894 mg/M3 as hexane) for 120° F experiments. Quantitative

measurements are presented for each identified compound at the two experi-
mental temperatures. These values can in ¢urn be related to :cacentrations
for the individual species in the liquid fuel.

The experimental set-up employed in this program differs slightly from
previous ones. A 3-liter round bottom flask was charged with 8.248 grams
( 10 ml.) of fuel and sealed with a septum. The entire flask was immersed
in a stirred water bath thermo-statted at the appropriate temperature.
Liquid fuel and headspace vapors in the flask were also stirred during the
entire sampling process. This protocol was adopted for several reasons.
(1) The simplicity of the set-up will allow a routine QC test for volatiles
from different fuels (cr from different lots of the same fuel) to be easily
implemented. Results to date strongly suggest side by side comparative
tests under standardized conditions will produce the best data. This exper-
mental set-up, coupled with capillary column gas chromatography (flame ioni-
zation detection) provides an effective and inexpensive means of quickly
evaluating DFM's. (2) We werz quite concerned about pressuvre build up in
the closed system producing false results. This set-up was monitored with
a differential manometer and found to exhibit no rise in pressure at 120° F.
(3) Expanding the volatiles from a known quantity of fuel into a known
volume should make an extrapolation to the shipboard environment more
straightforward. It must be re-emphasized that the measured values from this
study are likely lower than those obtained for this fuel using previous set-
ups. We feel these measurements are equal to or even superior to previous
ones as regards their utility in predicting workplace levels. Direct com-~
parisons on the same experimental apparatus will provide the best informa-
tion.

Inspection of the individual compounds and their concentrations revel a
few noteworthy facts. Concentrations of benzene and hexane are comparable to
those determined in previous studi;s. Furthermore, the relative levels of

cyclic hydrocarbons compared to open chain olefins is higher than expected.
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This is perhaps the result of extensive hydrogenation. The classes of com-
pounds not present in the headspace of this fuel are equally interesting.
Extensive searches were conducted for phenols, nitrosoamines,halogenated
compounds, aldehydes, ketones, thiols, and nitro compounds among the vola-
tiles. No potentially toxic members of these classes were detected. The
situation in the bulk liquid fuel is similar. Normal alkanes, cyclic
alkanes, olefins, and alkyl aromatics are the dominant species. Their con~
centrations as ppm hexane were measured and are tabulated in the companion
report. Direct analysis failed to detect polyaromatic hydrocarbons larger
thar three rings (anthracene/phenanthrene). Class searches for those pre-
viously noted were negative. When the fuel was subjected to simple open
column chromatographiz separation, the polyaromatic hydrocarbon fraction
was concentrated and separately analyzed. Several PAH's were detected at
concentrations in the low parts per billion on a fuel basis. None of the
more mutagenic FAH derivatives (nitro, hydroxy, dinitro) were found within
the analysis detection limits (approximately 100 parts per trillion). A
closer examination of the tabular data reveals additional salient facts.
Among the headspace volatiles, greater than 50% of the total are normal

or branched all.anes. Cyclic alkanes constitute a surprisingly high per-
centage (approximately 28%) of the total. (It should be poirted out that
the high percentage of cyclics was verified by two independent means).
Aromatics and olefins ccmprise the remaining 16% and 57 respectively.
These relative concentrations change very little on going from 90° F to
120° F. It also appears bulk liquid component concentrations and the mea-~
sured headspace concentrations are self conmsistant. This suggests bulk
fuel measurements could be used to approximate headspace concentrations
under various pressure volume conditions. Some examples will support the
point. (1) Normal heptane was found in the bulk fuel at a concentration
of 265.9 ng/ul (2659 ug in the 10 ml flask charge). If the average mole-
cular weight of the fuel is estimated to be 198, the mole fraction for
heptane is 6.384 x 10'4 in the fuel. The vapor pressure for heptane at
120° F is approximately 120 MM Hg leading to a calculated partial pres-
sure of 7.66 x 10~2 MM Hg in the 3 1, flask. This translates to a calcu-
lated vapor phase concentration of 1140 ug/heptane in the 3 1. flask.

The measured value for heptane at 120° F was 285.2 ug/M3 or 855.9 ug hep-
tane in the 3 1. flask vavor. This compares favorably with the estimate of
1140 ug. (2) Similar calculations for tolueme lead to an estimate of 598




ug toluene in the 3 1. flask, based on a measured concentration of 186.3
ng/ul of the bulk fuel. This also compares favorably with the measured
headspace concentration of 185.8 ug/M3 or 557.4 ug in the 3 1. flask
vapor.

Attached to the end of this summary are representative chromatograms
for the headspace and bulk fuel analyses. Simple inspection reveal the
chromatograms for the volatiles are quite different from those of the bulk
liquid. More than 95% of the 90° F volatiles and 85% of the 120° F vola-
tiles are composed of compcunds which themselves comprise less than 167 of
the bulk fuel. Within this framework it is difficult to relate the concen-
tration of the headspace volatiles as a concentration of diesel fuel,
since they are so dissimilar in character. The more volatile materials
for example toluene, are 100 times more concentrated in the headspace com-
pzered with bulk liquid.

CONCLUSION

Direct comparisions of individual synfuels on a simple apparatus such
as described herein is the most expedient mecns of evaluating the abundance
and character of their headspace volatiles. Few toxicologically significant
compounds were found in these studies and their concentrations, coupled with
knowledge of air exchanges, can be used to estimate shipboard levels. Ex-
amination of the bulk liquid also revealed few compounds of concern at very

low concentrations.
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